In order to evaluate the capacity of laser scanning cytometry (LSC) to detect acid-fast bacilli directly on clinical samples, a comparison between Kinyoun-stained smears analyzed under light microscopy and propidium iodide-auramine-stained smears analyzed by LSC was performed. The results were compared with those for culture on BACTEC MGIT 960. LSC is a new, reliable methodology to detect Mycobacteria.
The worldwide incidence of tuberculosis increased dramatically during the last decade, particularly in Southeast Asia and Africa, mainly in association with the progression of infection by human immunodeficiency virus (5, 12) . Rapid and accurate detection of Mycobacteria is essential for early treatment and reduction of transmission. In low-resource countries, the detection of acid-fast bacteria relies upon direct microscopy of smears. Classical direct detection methods are easy to perform and inexpensive but present low sensitivity. An additional drawback is the need for a considerable amount of time for the observation of smears. The long delays inherent in cultural methods also contribute directly to the spread of tuberculosis in hospitals and other care facilities and may have a negative impact on the care of individual patients. Flow cytometry shows great potential for application to clinical microbiology (1, 8, 9, 10) , but analyzed cells must be suspended in a fluid at a relatively high concentration. Laser scanning cytometry (LSC) is a microscope-based cytofluorometer technology that combines the advantages of both flow and image cytometry (6) . It allows multiparametric analysis performed directly on a smear, rapidly measuring the fluorescence of individual cells with an extremely high accuracy (2) . This technique may offer increased sensitivity and specificity compared to traditional microscopic techniques. To our knowledge, this paper describes the first use of LSC in clinical microbiology.
Five hundred smears were prepared in duplicate on glass slides from concentrates of N-acetyl-L-cystein-NaOH and specimens (7) of different clinical products (sputum, bronchoalveolar lavage fluid, stool, urine, cerebrospinal fluid, pleural fluid, and gastric lavage fluid) from patients with suspected cases of Mycobacterium infection. The smears were heat fixed, and one set was stained according to the Kinyoun procedure (3). The other set of smears was stained according to our own modification of the classical auramine-staining procedure (11) , involving a previous staining with propidium iodide (PI) (1 g/ml in 30 min; Sigma, St. Louis, Mo.) and rinsing with deionized water followed by staining with auramine (Auramine O and potassium permanganate from Fisher Scientific, Pittsburgh, Pa.) for 30 min (PI-Auramine O). Positive-control smears of acid-fast bacilli (AFB) were used each time a set of smears was stained. The slides stained by the Kinyoun method were analyzed under light bright-field microscopy (ϫ1,000; Leica Laborlux K); three hundred microscope oil fields were observed before a smear was reported as negative for AFB (13) . The slides stained with PI-Auramine O were maintained in the dark until LSC analysis. A laser scanning cytometer (LSC 101; Olympus Co., Tokyo, Japan) equipped with a BX50 Olympus microscope and a 488-nm argon laser was used. The scanning was performed under a magnification of ϫ200, and morphology was confirmed at ϫ600 without immersion. The cells were randomly selected (gated) based on their position on the slide map with the coordinates x for green fluorescence versus y for the perimeter of the cell. The results were given as positive (Fig. 1) or negative (Fig. 2) for AFB. Before being reported as negative, the entire smear was scanned; one or two AFB were considered negative. Green fluorescent debris was rarely seen and could easily be differentiated from AFB at ϫ600 magnification by visual inspection.
The results of both methodologies were afterwards compared with the results of culture performed on a Bactec 960 system ("gold standard") using 2 analysis. The isolates were identified with Accuprobe (Gen-Probe Inc.) (4). Culture results yielded M. tuberculosis complex in 95.8% of cases, M. intracellulare in 1% of cases, M. avium complex in 3% of cases, and M. gordonae in 0.2% of cases. The numbers of falsepositive and false-negative results, sensitivity, specificity, and the positive and negative predictive values of the newly described method are shown in Table 1 . The results by specimen site are detailed in Table 2 . For all biological specimens, the new methodology resulted in increased diagnostic sensitivity. LSC was considerably faster in performing the analysis and didn't produce false-negative results. In contrast to other heatfixed bacterial or host cells, AFB do not stain with PI (unpublished results), probably due to the lipid content of the cell wall, thus staining green with Auramine O. Bacteria other than AFB do not stain with Auramine O because, when this stain is added, the cells are already red-stained by PI. The red PI color vanishes during the washing step of auramine staining. Thus, an increase in specificity in detection of AFB was achieved. This new approach also showed a greater sensitivity than the Kinyoun method, and no false-positive results were registered. Apart from being automated, this method allows the possibility of reanalysis of the smear (also visually), either at the moment of scanning or later on, due to the inherently sophisticated software (Winsyte 3.3). The intensity of fluorescence of the AFB stained by PI-Auramine O remained stable over several days (up to 5 days), providing the stained smears were kept protected from light.
Previous studies have shown aspects of the great potentiality of flow cytometry when applied to microbiology (8, 9, 10) . In the present paper, we have explored the potential of a different cytometer, developed by Kamentsky and Kamentsky (6). Our results indicate that LSC/PI-Auramine O is an advantageous automated method for evaluating the presence of Mycobacteria in clinical samples. While the analysis of Kinyoun-stained smears is too observer dependent and time-consuming, this new staining method combined with LSC analysis is an observer-independent method that improves diagnostic sensitivity and specificity and saves a considerable amount of time. 
